Vocalizations, and less often gestures, have been the object of linguistic research for decades.
INTRODUCTION
Quantitative linguistics is a discipline with a tremendous capacity to explore connections between human language and other natural systems. The key is that a hypothetical connection between language and certain natural systems can be investigated simply by looking at certain statistical properties for which only minimal assumptions are required. For instance, the tendency of more frequent words to be shorter (Zipf, 1935 (Zipf, , 1949 , is also found in DNA sequences (Naranan & Balasubrahmanyan, 2000; Ferrer-i-Cancho et al., 2013a) and the behaviour of non-human species (see Ferrer-i-Cancho et al., 2013b for a review). A non-trivial version of Menzerath's law, i.e. the tendency of the size of the parts of a linguistic construct to decrease as its number of parts increases (Menzerath, 1954; Altmann, 1980) , is found in genomes at different levels of analysis (Wilde & Schwibbe, 1989; Li, 2012; Ferrer-i-Cancho et al., 2013a) . In general, the depth of a connection of the kind described above depends on various factors. One factor is the existence of conceptual similarities between both at some The modern division of infochemicals by function (Wyatt, 2010 , for a general review) distinguishes various classes of infochemicals, more or less appropriate according to the area of research concerned (Dicke & Sabelis, 1988) . Thus, for example, the classification chosen by El-Sayed for the Pherobase, a free database of infochemicals (El-Sayed, 2012 ) distinguishes between five behavioural functions (for alternative classifications see Nordlund & Lewis, 1976; Dicke & Sabelis, 1988; Wyatt, 2010) : pheromones, involved in intraspecific communication;
attractants, or infochemicals that cause aggregation of individuals, secreted by species or synthesized by humans; allomones, or allelochemicals that benefit the sender; kairomones or allelochemicals beneficial for the receiver; and finally synomones, which are allelochemicals benefiting both signaller and receiver in mutualistic interactions.
The Pherobase (El-Sayed, 2012 ) is a wide-ranging database that incorporates a list of species that produce, or are sensitive to, each infochemical, as well as other biochemical characteristics. Pheromones and allelochemicals are a way of transmitting information whose main advantage is their ability to spread and persist in the environment in which they expand.
Their diffusion is conditioned to the predominant species' habitat and its activity (Okubo et al., 2001 ), as had already been concluded by pioneer studies of infochemicals (Wilson, 1958; Wilson & Bossert, 1963; Wilson, 1970) . ***TABLE 1 NEAR HERE*** Here, the degree of an infochemical is defined as the number of species that are associated with it, because they produce it or are sensitive to it, according to the Pherobase (El-Sayed, 2012 ). The infochemical with the highest degree has rank 1, the second has rank 2, and so on (Table 1) . The number of functions that an infochemical serves for a given species is irrelevant for our notion of degree. For instance, if an infochemical is associated with only one species, the infochemical will have degree one regardless of the number of functions served.
In this article, the fit of different functions to the rank distribution of infochemical associations in nature is studied. The list of functions considered is summarized in Table 2 . It is found that the function providing the best balance between the exactness of the fit and the number of parameters is a double Zipf (a power law with two different exponents) although it is the function with the largest number of parameters. This suggests that infochemicals have a core repertoire analogous to the core vocabulary found in human language (Ferrer-i-Cancho & Solé, 2001; Petersen et al., 2012; Gerlach & Altmann, 2013; Cocho et al., 2015) . ***TABLE 2 NEAR HERE***
MATERIALS AND METHODS
f(r) is defined as the degree of rank r, n as the maximum rank (r = 1,2,…,n) and T as the sum of all the degrees, i.e.
where n is the size of the repertoire.
Various two-parameter models such as Zipf's function, Beta function, Yule function or Menzerath-Altmann function (see Table 2 ) can be fitted to rank-frequency data (Li et al., 2010) . Here, Li et al.'s (2010) model-selection methodology is adopted to study rank-degree data in infochemicals. A two regime distribution Zipf distribution (Ferrer i Cancho & Solé, 2001) is added to the list of functions explored by Li et al. (2010) .
Materials
The degree and the classification of each infochemical come from the Pherobase (El-Sayed 2012) which is freely available at http://www.pherobase.com/. A study primarily concerned with compounds which exist in nature and which regulate communication without human intervention should discard attractants synthesized in human laboratories. Therefore, two kinds of analyses are considered: one concentrating on the pheromones and allelochemicals of the Pherobase (El-Sayed, 2012) and another on the whole database, including attractants synthesized by humans. The whole database comprises a repertoire of n=1686 chemical compounds and T=17633 species-infochemical associations. A summary of the elementary features of the more frequent elements of the dataset is shown in Table 1 .
Methods
The methodology for fitting functions to the dependency between rank and degree is borrowed from Li et al.'s for the dependency between the rank of a word and its frequency (Li et al., 2010) . Baayen's (2008) methodology is used to compute the breakpoint parameter of the double Zipf (parameter r* in Table 2 ). Li et al.'s (2010) methodology consists of a linear regression of the target function on a double logarithmic transformation, i.e. log(r) versus log(f r ), and then using Akaike's information criterion, a combination of likelihood to evaluate the quality of the fit and a penalty for the number of parameters used. Table 2 summarizes the functions that are fitted to the rank distribution of infochemicals and the corresponding double logarithmic transformation that is used for linear regression.
SSE is defined as the sum of the squared differences between the logarithm of f r, the observed degree of rank r, and the logarithm of F r , expected degree of rank r, i.e.
w being a weight that is w r = 1 in unweighted regression and w r =1/r for weighted regression following Li et al.'s (2010) methodology. The goal of the weighted regression is to give more importance to low ranks.
where n is the maximum rank and C is an additive constant that depends on the model (see Table 2 ). For model selection, the Akaike Information Criterion (AIC) is used as in Li et al. 
where K is the number of free parameters (Table 2) (2008)). Table 2 summarizes the list of functions fitted to the rank distribution of degree. Table 3 and Table 4 summarize the fitting of different functions to the empirical relationship between the degree of an infochemical and its rank according to the Pherobase (El-Sayed 2012), including or excluding attractants, respectively. Both the correlation coefficient (ρ) and AIC differences (∆) suggest that the double Zipf is the function providing the best fit, both in the weighted and unweighted regression, regardless of whether attractants are included or not. All the other functions considered (simple Zipf, Beta, Yule and Menzerath-Altmann) are far from yielding the best fit: the second best function, both in unweighted and weighted regression for the whole database, is Yule function with AIC differences ∆=967.5 and ∆=1450, respectively (Table 3) and similar results for the analysis excluding attractants (Table 4 ). AIC differences of the order of a thousand are normally considered sufficient to discard the model under consideration (Burham & Anderson, 2002) . ** *TABLE 3 AND TABLE 4 NEAR HERE*** Figure 2 shows the best fit of the double Zipf equation, with and without weights, for the whole database (Fig 2 A and C ) and without attractants (Fig 2 B and D) , respectively. When all infochemicals are considered, the breakpoint is r*= 180 for unweighted, and r*=79 for weighted regression. When attractants are excluded, the breakpoint is r*=151 for unweighted, and r*=61 for weighted regression (see Table 5 ). The value of the breakpoint parameter of the double Zipf suggests that infochemicals are divided into two groups: a core of the order of one hundred infochemicals and the remainder. ***TABLE 5 AND FIGURE 2 NEAR HERE***
RESULTS

DISCUSSION
This double Zipf distribution of ranks (in the degree of an infochemical as a function of its rank rank) is also found in the rank distribution of words, i.e. the frequency of occurrence of a word (in tokens) as a function of its rank (Ferrer-i-Cancho & Solé, 2001; Petersen et al., 2012; Gerlach & Altmann, 2013; Cocho et al., 2015) , where the breakpoint defines the boundary between a vocabulary core, i.e. a finite vocabulary of semantically versatile word types, and a potentially infinite peripheral vocabulary.
The connection may not be obvious at first glance: our target has not been the frequency of occurrence of an infochemical in nature but its degree, namely, the number of species that produce it or are sensitive to each infochemical. However, word frequency is connected lawfully with another linguistic variable, namely word polytextuality, which can be defined as the number of texts in a corpus where the target word appears at least once (Köhler, 1986) .
The metaphor that words types are infochemicals and texts are the infochemicals from the environment that the members of a species have produced or been sensitive to, and the positive correlation between frequency and polytextuality (Köhler, 1986) , suggest that the infochemicals in the high degree regime (the low ranks) form a core repertoire analogous to the core lexicon found in the high frequency regime of human language (Ferrer-i-Cancho & Solé, 2001) , while the infochemicals in the low degree regime would form a peripheral repertoire analogous to the peripheral lexicon found in the lower frequency domain of words (Ferrer-i-Cancho & Solé, 2001 ).
Cores have also been investigated in cognitive networks (Baronchelli et al., 2013) . A network core is defined by Baronchelli et al. (2013) analysing a bipartite graph of infochemical-species associations (one partition for infochemical and another partition for species). Table 5 information carried by general attractants of the infochemical core may need to be completed and detailed by peripheral, perhaps species-specific, pheromones to avoid confusion. ***FIGURE 3 NEAR HERE***
The chemical kernel constitutes a core of infochemicals shared by many species (Table 5) . We hypothesize that the design of such a core could be driven by the economy of its compounds from the perspective of the sender (e.g. ease of production of the compound) and communicative efficiency in a given environment from the perspective of the receiver. The most frequently analyzed infochemicals (Table 2) , by definition on the core chemical repertoire, include, for instance, some isomers of tetradecenyl acetate that are well-known sex pheromones (Shorey, 1976; Chapman, 1998) and are attractive to all of the males in a large group of different closely-related species. As already pointed out by Shorey (1976) in his classical review, other chemicals present in relatively small quantities enhance the attractiveness of the pheromone for males of the correct species and, at the same time, inhibit attraction of males of wrong species.
In fact, each species has its own chemical communication system, with a finite set of associated infochemicals that it can emit, V e , and another set to which it responds, V r . Actually, V e ≠V r since there are semiochemicals (e.g., synthesized compounds) that a species will not emit, but will be attracted to. Using set theory, the chemicals that constitute a chemical communication system is V e U V r , while the elements emitted and also detectable are V e ∩ V r .
In The ubiquity and variety of pheromones can be explained by natural selection (Wyatt, 2009; Hauser, 1996) . From a Zipfian perspective (Zipf, 1949) The quantitative exploration of the Pherobase is just beginning and our analysis has focused on the large scale. Future research should pay attention to specific ecological niches or a concrete phylum. The generosity of those who share data on infochemicals is helping to explore connections between apparently distant domains, which will become increasingly more common in twenty-first century science. El-Sayed, 2012) . T is the number of infochemical-species associations (the total sum of degrees) and n is the repertoire size (in infochemical types). 
All infochemicals
